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1
FILTER ELEMENT FOR FILTERING FLUIDS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 USC 119 of
foreign application 102011018366.3 filed in Germany on
Apr. 20, 2011, and which is hereby incorporated by reference
in its entirety.

TECHNICAL FIELD

The invention concerns a filter element for filtering fluids,
in particular intake air of an internal combustion engine, in
particular of a motor vehicle, comprising a hollow elongate
filter medium that is arranged axially on a support tube that
has a peripheral or circumferential wall provided with pas-
sages for the fluid. Moreover, the invention concerns an air
filter of an internal combustion engine, in particular of a
motor vehicle, comprising a housing in which a filter element
for filtering intake air of the internal combustion engine is
arranged that comprises a hollow elongate filter medium that
is arranged axially on a support tube that has a peripheral or
circumferential wall provided with passages for the fluid.

BACKGROUND OF THE INVENTION

WO 99/46501 discloses a device for filtering intake air of
an internal combustion engine. The device comprises a hous-
ing that is closed by a cover. In the housing, a hollow-cylin-
drical filter element is arranged. The filter element is com-
prised of a zigzag-folded filter medium. The filter medium is
arranged on a support body that is configured like a diffusor.
One half of the support body is closed. The support tube
tapers toward the center and the other half is provided with
support rings for supporting the filter medium. Between the
support rings there are passages for the intake air.

SUMMARY OF THE INVENTION

It is an object of the present invention to design a filter
element and an air filter of the aforementioned kind in such a
way that a fluid flow can be realized that is as uniform as
possible. In particular, the outflow of the filtered fluid should
be as uniform as possible.

In accordance with the present invention, this is achieved in
that the passages are adapted in regard to size and/or distri-
bution to a fluidic configuration of the filter element in such a
way that non-uniform fluid flows that exist in operation of the
filter element upstream of the support tube can be compen-
sated.

According to the invention, the ratio of the passage surface
area to the total surface area in axial direction and/or circum-
ferential direction is designed such that non-uniform basic
flows, in particular at the inflow side of the filter element, are
compensated in order to achieve a flow through the filter
element that is as uniform as possible. The passages can be
adapted in size and/or distribution to the fluidic configuration
of'the filter element, in particular to shape, dimension and/or
material of the filter medium and/or incoming flow of the
filter medium. The terms axial, radial, and circumferential in
the context of the invention relate to the extension of the
support tube. The support tube can be advantageously
straight. However, it can also be curved or bent. The inwardly
positioned circumferential side of the filter medium in radial
direction is partially covered in accordance with the invention
by the support tube. The cover limits the volume flow of the
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fluid through the circumferential or peripheral wall of the
support tube that flows through the filter medium from the
exterior to the interior in radial direction or from the interior
to the exterior.

The passages can be arranged and/or designed preferably
with regard to optimization of the flow of the fluid through the
filter element. Even in case of filters in which the inflow into
the filter medium is non-uniform, the filter element according
to the invention enables optimization of the flow in such a way
that the incoming fluid to be filtered is distributed uniformly
onto the filter medium. This has the advantage that the filter
medium is loaded uniformly. The filter efficiency can be
improved and/or the service life can be simply extended.
Moreover, a drop or break-down of the separation efficiency
of the filter element can be counteracted.

Moreover, with the support tube according to the invention
the outflow of the filtered fluid at the clean side of the filter
medium is optimized. In this way, a uniform inflow at a sensor
that is arranged in the flow path downstream of the filter
element, in particular an air mass meter, is enabled so that the
measuring quality is improved. More precise measuring
results have a positive effect on motor control of the internal
combustion engine. In profile, the support tube and/or the
filter medium can be round, oval, or angular. The support tube
can also have a profile that varies across the length. The
support tube can be cylindrical or can taper in a conical shape.

In an advantageous embodiment, the passages can be dis-
tributed almost across the entire axial extension of the support
tube and a ratio of the total circumferential surface area of the
passages relative to the total circumferential surface area of
the wall surface that surrounds the passages and is imperme-
able to fluid can decrease from a first end toward a second end
of the support tube. Advantageously, the passages can be
designed and distributed across the entire length of the sup-
port tube in such a way that the fluid-permeable surface area
of'the circumferential wall of the support tube decreases in the
corresponding axial direction. The radial inner circumferen-
tial side of the filter medium is partially covered increasingly
by the support tube in the direction toward the second end.
The decreasing fluid permeability of the circumferential wall
along the support tube in the axial direction counteracts also
local high inflow velocities, and this has a positive effect on
filter loading.

In a further advantageous embodiment, the density and/or
the size of the passages can decrease toward the second end of
the support tube. The density in this context is the number of
passages relative to the corresponding wall surface area. By
decreasing the density and/or size of the passages, in a simple
way the total circumferential fluid-permeable surface area
can be decreased.

Advantageously, the total surface area of the passages can
decrease in the flow direction of the fluid in the interior of the
support tube. In this way, the uniformity of the flow in the
interior of the support tube can be improved.

In a further advantageous embodiment, the support tube
can have a support structure of a plurality of coaxial support
rings that are connected to each other by means of axial
support webs. The circumferential wall is defined by the
support structure. In this context, the passages are located
between the support rings and the axial support webs. A
support structure can be realized in a simple way. The support
structure can provide an optimal stability while, at the same
time, an optimal fluid permeability of the circumferential wall
is achieved. The support structure can be designed to be
weight-optimized.

Advantageously, in the area of the second end of the sup-
port tube the openings between at least two neighboring sup-
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port rings can be covered at least partially with a cover. By
means of the cover the corresponding opening can be covered
partially or entirely so that the surface area of one or several
passages that are covered by the cover and thus the total
circumferential surface area of the passages can be reduced
accordingly. A cover can be mounted in a simple way, even
retrofitted, on the support rings and/or the support webs.
However, it can also be fastened monolithically on the sup-
port rings and/or the support webs. Moreover, advanta-
geously also the openings between a third support ring,
counted from the second end of the support tube, and at least
a further support ring can be covered with a cover so that the
passage of the filter medium and the course of the flow at the
fluid discharge of the filter element can be further compen-
sated.

In a further advantageous embodiment, at least one of the
covers can have through openings in particular can be a per-
forated grid (hole screen). With appropriate arrangement and/
or size of the through openings, the total circumferential
surface area of the passages can be precisely predetermined.
In this way, the flow course in the filter element can be
improved. With the perforated grid or screen, a pressure loss
that results from the reduction of the total circumferential
surface area of the passages can be minimized.

Advantageously, in axial direction adjacent to each other at
least two covers with passages can be arranged. In this way,
covers in particular with different arrangement and/or con-
figuration of through openings can be premanufactured for a
modular system. They can be attached, as needed, to the
support structure of the support tube.

For the air filter, the object of the present invention is solved
in that the through passages are distributed almost across the
entire axial extension of the support tube and a ratio of total
circumferential surface area of the passages relative to the
total circumferential surface area of the wall surface that
surrounds the passages and is fluid-impermeable decreases
toward the second end of the support tube. The aforemen-
tioned advantages and features of the filter element according
to the invention apply to the air filter according to the inven-
tion in the same way.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying Figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and to explain various principles and advantages all in accor-
dance with the present invention.

Features of the present invention, which are believed to be
novel, are set forth in the drawings and more particularly in
the appended claims. The invention, together with the further
objects and advantages thereof, may be best understood with
reference to the following description, taken in conjunction
with the accompanying drawings. The drawings show a form
of the invention that is presently preferred; however, the
invention is not limited to the precise arrangement shown in
the drawings.

FIG. 1 shows a partial section view of a hollow-cylindrical
filter element for filtering intake air of an internal combustion
engine according to a first embodiment;

FIG. 2 shows an air filter of the internal combustion ele-
ment with the filter element of FIG. 1, wherein the air filter
housing of'the air filter is shown as a transparent housing; and
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FIG. 3 shows the air filter of FIG. 2 with a filter element
according to a second embodiment that is similar to the filter
element of FIG. 1.

In the Figures, same components are identified with same
reference characters. Skilled artisans will appreciate that ele-
ments in the figures are illustrated for simplicity and clarity
and have not necessarily been drawn to scale. For example,
the dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help to improve
understanding of embodiments of the present invention.

DETAILED DESCRIPTION

Before describing in detail embodiments that are in accor-
dance with the present invention, it should be observed that
the embodiments reside primarily in combinations of appa-
ratus components related to a filter element for filtering fluids.
Accordingly, the apparatus components have been repre-
sented where appropriate by conventional symbols in the
drawings, showing only those specific details that are perti-
nent to understanding the embodiments of the present inven-
tion so as not to obscure the disclosure with details that will be
readily apparent to those of ordinary skill in the art having the
benefit of the description herein.

In this document, relational terms such as first and second,
top and bottom, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such relationship
or order between such entities or actions. The terms “com-
prises,” “comprising,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a pro-
cess, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, article, or apparatus. An element preceded
by “comprises . . . a” does not, without more constraints,
preclude the existence of additional identical elements in the
process, method, article, or apparatus that comprises the ele-
ment.

In FIG. 1, a partial section view of a first embodiment of a
hollow cylindrical filter element 10 is illustrated. The filter
element 10 serves for filtration of intake air of an internal
combustion engine of a motor vehicle.

The filter element 10 is comprised of a zigzag-folded filter
medium 12, for example, filter paper. To better understand the
illustration, some fold edges 14 at the radial inner circumfer-
ential side of the filter medium 12 are shown in FIG. 1.

At the outlet end face, the filter medium 12 has an outlet
end disk 16. On the opposite end face of the filter medium 12,
a second end disk 18 is arranged. The outlet end disk 16 has
an outlet opening 20 for the intake air (clean air); the outlet
opening 20 is coaxial to the filter medium 12 and communi-
cated with the interior 21 of the filter element 10. The second
end disk 18 has no opening and closes off in this way the
interior 21 at the end of the filter element 10 opposite the end
disk 16.

The filter medium 12 is arranged on a coaxial support tube
22. The support tube 22 extends between the two end disks 16
and 18 in the interior 21. It is connected at its outlet end 23
with the outlet end disk 16 and at the opposite end with the
second end disk 18. An inner diameter of the support tube 22
corresponds approximately to a diameter of the outlet open-
ing 20. The support tube 22 serves inter alia for shaping and
supporting the filter medium 12. Moreover, the support tube
22 serves for connecting the filter element 10 with the filter
housing 24 that is illustrated in FIG. 2.
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The support tube 22 has a support structure 26. The support
structure 26 comprises seven support rings 28 that are coaxial
to the filter medium 12 and are connected monolithically by
four circumferentially distributed axial support webs 30. The
support rings 28 have, as shown in FIG. 2, a square profile or
contour with rounded edges. The support structure 26 defines
a circumferential or peripheral wall of the support tube 22.
Between the first six support rings 28, counted by beginning
atthe second end disk 18, and the sections of the support webs
30 provided thereat, passages or openings of the support
structure 26 are realized that form through openings accord-
ing to a first configuration (first through openings 32) for
clean air. There are sixteen through openings 32 that have the
same size. The passages or openings between the fifth and
sixth support rings 28 are each covered by a perforated grid or
hole screen according to a first configuration (first screens
34). A total of four such first screens 34 are provided. The first
screens 34 are curved in accordance with the curved structure
of the support rings 28 in circumferential direction.

Each of the first screens 34 has a plurality of passages or
through openings according to a second configuration (sec-
ond through openings 36) for the clean air; these openings 36
are distributed uniformly across the first screen 34. The sec-
ond through openings 36 have each a diameter of approxi-
mately 5 mm. They are arranged in groups of three with their
centers positioned on an imaginary axial centerline which
extend parallel to each other in axial direction of the support
tube 22. The groups of three are displaced in axial direction
relative to each other so as to be positioned alternatingly
neighboring (being closer to) the fifth support ring 28 (first
groups) or the sixth support ring 28 (second groups). The
spacing between neighboring axial center lines is approxi-
mately 5 mm. The second through openings 36 of the first
groups of three neighboring the fifth support rings 28 that
correspond to each other are aligned on parallel circumferen-
tial center lines that extend continuously in circumferential
direction; the through openings 36 of the second groups of
three neighboring the sixth support ring 28 are aligned on
parallel circumferential center lines that extend continuously
in circumferential direction. The spacing between neighbor-
ing circumferential center lines is 3 mm.

The total circumferential surface area of the second
through openings 36 is the sum of their individual surface
areas. The total circumferential surface area of the second
through openings 36 of all first screens 34 is smaller than the
total circumferential surface area of first through openings 32
between the fourth and fifth support rings 28, which is the
sum of the individual surface areas of the four first through
openings 32.

The extensions of the openings of the support structure 26
between the sixth and the seventh support ring 28 in axial
direction are smaller than the extensions of the openings
between the first five support rings 28 in axial direction
(counting from the end disk 18).

The openings between the sixth support ring 28 and the
seventh support ring 28 are each covered by a perforated grid
or hole screen according to a second configuration (second
screen 38). The second screens 38 are also curved in circum-
ferential direction in accordance with the curvature of the
support rings 28. The second screens 38 have similar to the
first screens 36 through openings 36. The second through
openings 36 in the second screens 38 are however arranged in
pairs along two parallel circumferential center lines. In case
of'the second screens 38, the spacings of neighboring second
through openings 36 on the circumferential center lines is 7
mm. The spacing between an outlet edge of the second screen
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38 and the neighboring circumferential center line is 7.5 mm.
The spacing between the circumferential center lines is 6 mm.

The first through openings 32 are significantly larger than
the second through openings 36. The size of the through
openings thus decreases axially toward the outlet end 23 of
the support tube 22. The density, i.e., the number per surface
area, of the second through openings 36 in the first screen 34
is greater than the density of the second through openings 36
in the second screen 38 so that the density in axial direction to
the outlet end 23 of the support tube 22 decreases. The total
circumferential surface area of the second through openings
36 per axial length in the second screens 38 is smaller than the
total circumferential surface area of the second through open-
ings 36 per axial length in the first screens 34. As a whole, the
through openings 32 and 36 are distributed almost across the
entire axial extension of the support tube 22. A ratio of the
total circumferential surface area of the through openings 32
and of the through openings 36 relative to a wall surface of the
circumferential wall defined by the support structure 26 of the
support tube 22 decreases toward the outlet end 23 of the
support tube 22. The clean air flows, as indicated in FIG. 1 by
the arrows 40, in the interior 21 to the outlet end 23 of the
support tube 22. The total permeable area of the through
openings 32 and 36 decreases thus in the flow direction 40 of
the clean air in the interior of the support tube 22.

FIG. 2 shows an air filter 42 for filtering the intake air of an
internal combustion engine. The air filter 42 comprises a filter
housing 24 with a base member 44 and a removable cover 46.
In the filter housing 24 the filter element 10 of FIG. 1 is
arranged so as to be exchangeable such that the outlet opening
20 communicates with a clean air outlet 48 of the filter hous-
ing 24. For simplifying the illustration, in FIG. 2 the filter
housing 24 is shown to be transparent. The filter medium 12
and the end disks 16 and 18 of the filter element 10 are omitted
in the illustration for reasons of clarity so that only the support
tube 22 can be seen.

The base member 44 has a raw air inlet 50 that is located at
the same side as the clean air outlet 48. The intake air (raw air)
to be filtered passes according to arrow 52 through the raw air
inlet 50 into the interior of the filter housing 24. Here the raw
air flows through the filter medium 12, indicated in FIG. 1 by
arrows 54, from the exterior to the interior in radial direction.
The clean air passes through the first through openings 32 and
the second through openings 36 into the interior 21 of the
filter element 10. By means of the screens 34 and 38 it is
achieved that the raw air is distributed uniformly across the
entire filter medium 12. Moreover, the flow of clean air in the
interior 21 and through the clean air outlet 48 is improved.
The clean air flows in the direction of arrow 56 out of the
interior 21 through the clean air outlet 48 out of the filter
housing 24.

In FIG. 3, the air filter 42 is illustrated with a filter element
10 according to a second embodiment. Those elements that
are similar to those of the first embodiment of FIG. 1 are
identified with the same reference characters.

The second embodiment differs from the first embodiment
in that in addition the openings of the support structure 26
between the fourth support ring 28, counted from the end of
the support tube that is facing away from the clean air outlet
48, and the fifth support ring 28 are covered by first screens 34
with the second through openings 36. In this way, the air flow
through the filter medium 12, in the interior 21, and through
the clean air outlet 48 is further improved.

In all of the above described embodiments of a filter ele-
ment 10, the following modifications are possible inter alia.

The invention is not limited to filter elements 10 for filter-
ing intake air of internal combustion engines of motor
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vehicles. Instead, it can also be used in filter elements of
different internal combustion engines, for example, industrial
motors. The invention can be used also in filter elements for
filtering other kinds of fluids, for example, oil, fuel, water or
other gasses.

The filter elements 10 instead of having a hollow-cylindri-
cal shape, can also have a different shape, for example, a
conical shape. The support tube 22, in particular the support
rings 28, can also be provided with a different, for example, a
round or oval profile (contour) instead of an approximately
square profile.

The filter medium 12, instead of being made of filter paper,
can also be made of a different kind of material, for example,
filter nonwovens.

The filter medium 12, instead of being folded in a zigzag
shape, can also be folded in a different way to have an elon-
gate and hollow shape, for example, it can be conically
shaped.

Instead of the screens 34, 38, also other types of covers for
the openings of the support structure 26 can be provided.

The support tube 22, instead of being a support structure
26, can also be designed in a different way. For example, the
support tube 22 can have a closed circumferential wall that is
provided with corresponding through openings whose total
circumferential surface area decreases toward one end.

Instead of being provided with the same through openings,
the first screen 34 and the second screen 38 can also have
different through openings arranged therein that differ with
respect to shape and/or size.

The through openings can be variably designed with regard
to size and/or arrangement within each screen 34, 38.

The diameter of the second through openings 36 can also
be smaller or larger than 5 mm.

In the first screen 34 the spacings between the axial center
lines of the second through openings 36 can also be larger or
smaller than 5 mm. The spacings between the circumferential
center lines of the second through openings 36 can also the
larger or smaller than 3 mm.

In the second screen 38 the spacings between the circum-
ferential center lines can also be larger or smaller than 6 mm.
The spacings between neighboring second through openings
36 on a circumferential center line can also be larger or
smaller than 7 mm.

The passages can also be adapted in a different way in
regard to size and/or distribution to a fluidic configuration of
the filter element 10, for example to a shape, a dimension,
and/or material of the filter medium 12 and/or the inflow at the
filter medium 12, in such a way that non-uniform fluid flows
existing upstream of the support tube can be compensated.

It is also possible to provide only a portion of the support
tube with passages circumferentially and/or in axial direc-
tion.

Instead of decreasing toward one end of the support tube
22, the total circumferential surface area of the passages can
also vary in a different way in the axial direction.

The total surface area of the passages can also vary in
circumferential direction.

While specific embodiments of the invention have been
shown and described in detail to illustrate the inventive prin-
ciples, it will be understood that the invention may be embod-
ied otherwise without departing from such principles.

In the foregoing specification, specific embodiments of the
present invention have been described. However, one of ordi-
nary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the
present invention as set forth in the claims below. Accord-
ingly, the specification and figures are to be regarded in an
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illustrative rather than a restrictive sense, and all such modi-
fications are intended to be included within the scope of the
present invention. The benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential
features or elements of any or all the claims The invention is
defined solely by the appended claims including any amend-
ments made during the pendency of this application and all
equivalents of those claims as issued.

The invention claimed is:

1. A filter element for filtering fluids, the filter element
comprising:

an axially elongated support tube having

a first axial end;

an opposing second axial end;

a circumferential wall extending between the first and
second axial ends, the circumferential wall provided
with flow passages for a fluid;

a hollow elongate filter medium that is arranged axially on

said support tube;

wherein said passages are adapted in regard to size; distri-

bution; or size and distribution to a fluidic configuration

of said filter element such that non-uniform fluid flows
that exist in operation of the filter element upstream of
said support tube are compensated;

wherein the passages are distributed almost across an entire

axial length of the support tube;

wherein said passage extend radially through the circum-

ferential wall of the support tube;

wherein wall surface of said circumferential wall sur-

rounding said passages is impermeable to the fluid;

wherein a ratio of total circumferential opening area of the
passages relative to total circumferential surface area of
the impermeable wall surface that surrounds the pas-
sages decreases progressively from the first end to the
second end of the support tube;

wherein the total circumferential surface area of the imper-

meable wall surface that surrounds the passages

increases progressively from the first end to the second
end of the support tube.

2. The filter element according to claim 1, wherein a den-
sity or a size of said passages decrease progressively from the
first axial end to the second axial end of said support tube.

3. The filter element according to claim 1, wherein a den-
sity of said passages decrease toward said second end of said
support tube.

4. The filter element according to claim 1, wherein a size of
said passages decrease progressively from the first axial end
to the second axial end of said support tube.

5. The filter element according to claim 1, wherein a total
circumferential surface area of said passages decreases in a
direction of flow of the fluid within an interior of said support
tube.

6. The filter element according to claim 1, wherein said
support tube is comprised of a support structure comprising a
plurality of axial spaced coaxial support rings; and axial
support webs that connect said support rings with each other.

7. The filter element according to claim 6, wherein

at said second axial end, openings are provided between

two of said support rings that neighbor each other,

wherein the support tube has a cover secured directly onto
the support tube and covering openings between neigh-
boring support rings;

wherein the fluid flow passages include radial through

openings provided on and extending radially through the

cover.
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8. The filter element according to claim 7, wherein said
cover is a hole screen.

9. The filter element according to claim 7, wherein in an
axial direction of said support tube at least two of said cover
are arranged. 5

10. The filter element according to claim 1 embodied to
filter intake air of an internal combustion engine.

11. An air filter of an internal combustion engine, the air
filter comprising:

a filter housing; 10

a filter element arranged in said filter housing,

wherein said filter element comprises

a support tube having
a first axial end;
an opposing second axial end; 15
a circumferential wall extending between the first and
second axial ends, the circumferential wall pro-
vided with flow passages for a fluid; and
a hollow elongate filter medium that is arranged axially
on said support tube; 20
wherein said passages are distributed almost across an
entire axial length of said support tube; and

wherein a ratio of a total circumferential surface area of

said passages to a total circumferential surface area of'a
wall surface of said support tube, said wall surface sur- 25
rounding said passages and being impermeable to the
fluid, decreases progressively from the first end toward
the second end of said support tube.

#* #* #* #* #*



